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(54) MUCOSAL PREPARATION CONTAINING PHYSIOLOGICALLY ACTIVE PEPTIDE 



(57) A preparation for transmuoosal administration 
admixed with at least absorption promoter and vasodila- 
tor in physiologically active peptide is provided. Absorp- 
tion of the physiologically active peptide can be 
increased by combining the peptide with absorption 



promoter and a compound having vasodilating activity. 
Accordingly auto-administration can be performed by 
the patients without pain of injection. It is useful for long 
term administration of physiologically active peptide. 
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Description 

FIELD OF THE INVENTION 

5 The preserrl invention relates to a preparation of peptide fa transmucosal administration containing, at least, 
absorption promotor having absorption promoting action for the physiologically active peptide on nasal mucosa or rectal 
mucosa and a compound having vasodilate action. More particularly, the present invention relates to such the prepa- 
ration of peptide for transmucosal administration having useful effects on medical care by absorbing the physiologically 
active peptide effectively through mucosa. 

to 

Physiologically active peptide such as insulin and calcitonin are conventionally administered in the form of injec- 
tions. However, administration by the injections requires patients on ambulaltory care with pain, and a preparation which 

»5 can be administered by self -medication is desired. 

Oral administration of the physiologically active peptides, which are poorly absorbed from digestive tract, involves 
decomposition of peptide by proteinase and first-pass effect in the liver, and has been of no practical use. 

Recently, there have been many attempts to solve these problems for increasing absorption through nasal mucosa 
or rectal mucosa using preparations for transmucosal administration with various absorption promoters. 

20 Nasal administration preparation with an absorption promotor has been tried, and such nasal administration prep- 
arations utilizing a salts of cholic acid having surface active agent action, for example sodium taurocholic acid, sodium 
cholic acid, sodium deoxycholic acid, sodium chenodeaxycholic acid, lysine chenodeoxycholic acid, sodium giycocholic 
acid, sodium glycodeoxychofic acid and lysine taurocholic acid (Japanese Patent Unexamined Publication No. 59- 
130820, EP-A-115,627, Japanese Patent Unexamined Publication No. 1-228919 and U. S. Patent 5,149.537). cation 

25 surface active agent, for example ethyleneoxide additive long chain amine condensate and qurternary ammonium com- 
pounds such as cetyftrimethytammonium bromide or ckxdecylmethylammonium bromide, anion surface active agent, for 
example salt of aikylbenzene sulfonate, salt of N-acyl-n-alkyl tauhc acid and salt of a-oJefinsulfonate. or non-ionic sur- 
face active agent, for example polyoxyalkylene higher alcohol ether and polyalkyiene alkylphenols (Japanese Patent 
Unexamined Publication No. 4-247034) have been reported. 

30 A preparation for transmucosal administration using absorption promoters acting through nasal mucosa or rectal 
mucosa, for example saft of glycyrrhizic acids such as diammonium glycyrrhizic acid and alkaline salt of glycyrrhizic 
acid (mono- or di -sodium, or mono- or di -potassium saft) (Japanese Patent Unexamined Publication No. 2-42027 and 
ibid. No. 3-5427), cydodextrins such as a-cyclodextrin, p-cydodextrin, y-cyc1odextrin, mono- or di-methylated cydo- 
dextrin ( a-, p- or y) (Japanese Patent Unexamined Publication No. 58-1891 18 and EP-A-No. 94157). O-acyl-L-cami- 

35 tines having acyl of C 8 . 18 (Japanese Patent Unexamined Publication No. 63-10735 and EP-A-No. 215697), or chelating 
agents, pofyacrylate gel and sodium caphc acid (U S. Patent 4,476,1 16) has been reported. 
Azacycloalkane derivatives of the formula C 1 ) 



40 



45 




(CH 2 ) m-N- (CH 2 ) n-S-R 

so wherein R is an alkyl. m is an integer of 2 - 4 and n is an integer of 1 - 15, provided that R is an alky! with a carbon 
number of 5 - 1 tin case where n is 1 -3 was known as the superior absorption promotor (Japanese Patent Unexamined 
Publication No. 62-238261). 

Examples of absorption promoters such as cholic acids and fusidic acid derivatives are known [J. Japan. Diab. 
Soc.. 20 (2); 146 - 152, 1977. Proc. Natl. Acad. Sd. U.S.A. 82 (21); 7419 - 7423. 1985 and Pharm Res.. 9(1); 52 - 57, 
55 1 992]. However these preparations are not satisfactory due to inferior absorbability and locaJ irritation and are yet prac- 
tically employed. Accordingly, superior absorbability of peptide is a key to the practical use. 
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PROBLEMS TO BE SOLVED BY THE INVENTION 

The present invention relates to a preparation tor transmucosal administration having superior absorbability of 
physiologically active peptide through nasai mucosa, oral mucosa, pulmonary mucosa, rectal mucosa, vaginal mucosa, 
5 ocular mucosa and digestive tract mucosa in order to exhibit sufficient pharmacological effects, without detrimental 
action on mucosa. 

MEANS FOR SOLVING THE PROBLEMS 

10 We have found that, as a result of extensive studies tor development of preparation tor transmucosal administration 
containing physiologically active peptide with superior absorbability and safety and less side-effect, a combination of 
the known absorption promoter and the vasodilator such as calcium channel blocker or prostaglandin El. isosorbide 
dinitrateor nitroglycerin showed unexpectedly improved increased absorbability. The present invention has been com- 
pleted by the above facts. 

is An object of the present invention is to provide a preparation tor transmucosal administration containing physiolog- 
ically active peptide comprising of a combination of physiologically active peptide and a Known absorption promoter and 
a vasodilator. This is a completely unexpected result presumed from the prior arts because of being known nothing or 
few activity of vasodilator on absorption promoting action through mucosa. 

The absorption promoter used in the present invention is a general term tor changing btornembrane permeabiliiy, 

20 increasing tip absorbalilrty and increasing up bioavailability of the drugs, and has promoting action for absorption of 
physiologically active peptide on nasal mucosa or rectal mucosa. The absorption promoter used in the present inven- 
tion exhibits improvement in absorbability at above 200 %. preferably above 500 %. in case of physiologically active 
peptide insulin absorption from nasal mucosa or rectal mucosa as compared with absorbability without such the 
absorption promote* 

25 Examples of the absorption promoter are known absorption promotor having absorption promoting action for phys- 
iologically active peptide on nasal mucosa or rectal mucosa Such the examples are compound having surface active 
agent action, tor example sodium taurochoTc acid, sodium cholic acid, sodium deoxychotic acid, sodium chenodeoxy- 
cholic acid, lysine chenodeoxychdic acid, sodium glycocholic acid, sodium gtycodeoxycholic acid and lysine tauro- 
cholic acid, cation surface active agent, tor example ethyleneoxide additive long chain amine condensate and tertiary 

30 ammonium compounds such as r^tiimethylamnroriium bromide or dodecylmethylamrnonium bromide, anion surface 
active agent, tor example salt of alkylbenzene sulfonate, salt of N-acyl-n-alkyi tauric acid and salt of a-oief insurfonate, 
non-tonic surface active agent, for example poryoxyalkylene higher alcohol ether and poryalkytene aikylphenote. salt of 
glycyrrhizic acids such as diammonium glycyrrhizic acid and alkaline salt of glycyrrhizic acid (mono- or di-sodium, or 
mono- or di-potassium salt), cydodextrins such as o-cyclodextrin, p-cydodextrin. y-cydodextrin, mono- or rJ-methyl- 

3S ated cyclodextrin (a-, p- or rl O-acyl-L-carnrtines having acyl of C s. 18 , or chelating agents, poryacrytate gel and 
sodium capric acid. 

Further preferable examples of absorption promoters are, for example one or more compound selected from the 
group consisting of salt of cholic acid, salt of fusidic acid, salt of glycyrrhizic acid, salt of O-acyl-L-camitin, phospholip- 
ids, non-ionic surface active agents, cyciodextrirts, higher fatty acids, 1 -alkyi-2-pyrrolidone derivatives, l-dodecy1azacy- 
40 cio heptane-2-ooe (Azone), bacitracin, sodium azulene sulfonic acid and azacycloalkane derivatives of the formula ( 1 ) 



0 




(CH 2 ) m-N- (CH 2 ) n-S-R 



wherein R is an alkyl. m is an integer of 2 - 4 and n is an integer of 1 - 15. provided that R is an alkyl with a carbon 
55 number of 5 * 1 1 in case wherein n is 1 - 3. 

Examples of cholic acid salts are one or more compounds selected from the group consisting of sodium taurocho&c 
acid, sodium glycocholic acid and sodium deoxycholic acid. 

Examples of fusidic acid salts are one or more compounds selected from the group consisting of sodium fusidic 
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acid and sodium tauro 24, 25-dihydrofusidic add. 

Examples of grycyrrtizic acid salts are one or more compounds selected from the group consisting of sodium gty- 
cyrrhizic acid and sodium 3-suocmytQxyglycyrmizic acid (carbenoxolon). 

Examples of O-acyt-L-carnitin salts are, for example O-acyl-L-carnrtins of acyl C s. 18 . preferably O-octanoyl-L-car- 
nitin hydrochtoride, Olauroyl-L-camitin hydrochloride and O-palmitoyl-L-camttjn hydrochloride. 

Examples of phospholipids are one or more compounds selected from the group consisting of phosphatidylcholine 
(lecithin), lysophosphatkJyl choline (lysoiedthin) and lysophosphatidylgtycerol. 

Examples of non-ionic surface active agents are one or more compounds selected from the group consisting of 
polyoxyalkyiene higher alcohol ethers, potyoxyalkytene alkytphenois and sucrose fatty acid esters, and are preferably 
polyoxyethylene (9) lauryt ether (Laureth-9) and pdyoxyethylene (24) cholesterylether (Choieth-24). 

Examples of cydodextrins are one or more compounds selected from the oroup consisting of a-cycJodextrin, p- 
cyclodextrin, y-cydodextrin, and di -methyl- p-cydodextrin. 

Examples of higher fatty acids are one or more compounds selected from the group consisting of C 1 5.20 fatty acids 
and are preferably higher C 18 unsaturated fatty acid of oleic acid, linoleic acid and iino-lenic acid. 

Examples of l-alkyl-2-pynotidone derivatives are one or more compounds selected from the group consisting of 
compound having C 4 _ 12 alkyl which are one or more compounds selected from the group consisting of butyl, perttyi, 
hexyi. heplyl. octyl. nonyl, decyl, undecyl and dodecyl. 

Examples of R in azacydoalkane derivative C 1 ) are straight or branched alkyl such as methyl, ethyl, propyl, butyl, 
perttyi, hexyl, heptyl, octyl. nonyl, decyl, undecyl. dodecyl. tridecyf, tetradecyl. pentad ecyl, hexadecyl, heptadecyl, octa- 
decyi. nonadecyi or ei cod ecyl, and preferably 1 • [2-(decyrthjo) ethyl] azacyclopentane-2-one (generic name: pyrotrto- 
decane. oily substance), wherein R is C 10 alkyl, m is 2 and n is 2 in the formula CD. 

Any compounds having absorption promoting activity on mucosa can be included in the present invention, and are 
not limited in the above. 

Absorption promoter used in the present invention is preferably high safety and is 1- (2-(decytthio) ethyl] azacy- 
dopentane-2-one, glycocholic acid, lysoiedthin or sodium azulene sulfonic acid. 

The most preferable absorption pro motor used in preparation for transmucosal administration of the present inven- 
tion is 1 - [2-(decylthio) ethyl] azacydopentane-2-one or lysoiedthin. Amount of these compounds in the preparation is 
0.01 -5 weight %. 

Emulsion containing azacydoalkane derivative of the formula ( 1 ) , preferably 1 - (2-(decyfmio) ethyl] azacydoperv 
tane-2-one, preferably contains 0.01 - 10 % (w/v), preferably 0.1 - 5 % (w/v) of gfycyrrhizin or salt thereof, such as 2- 
potassium salt. 

Vasodilators used in the present invention are compound of molecular weight 200 - 700 such as calcium channel 
blocker. Generally, calcium channel blocker shows vasodilating action and prolonged action of atrioventricular conduc- 
tion time by suppressing influx of Ca into cells to show effect on hypertension and arrhythmia and is used for treatment 
of various circulatory cfiseases. 

Examples thereof are benzodiazepine derivative such as dirrjazem hydrochloride, phenytaikytarnne derivative such 
as verapamil hydrochtoride and bepridtf hydrochloride, dihydropyridine derivative such as nifedipine hydrochloride, 
nicardipine hydrochtoride and nimodipine hydrochloride, piperazine derivative such as dnnarizine and f lunarizine and 
fasudi! hydrochloride. 

Other strong vasodilators are rsosorbidedinitrate, nitroglycerin and prostaglandin El . teosorbide dinrtrate and nitro- 
glycerin have been used in the form of injection, peroral and tape preparation tor treatment of ischemic heart disease 
and angina. Mechanisms of action thereof are direct action on vascular smooth musdes to show vasodilating action, 
and are to expand coronary artery to reduce coronary resistance as well as to expand coSateral pathway to increase 
oxygen supply in ischemic cardiac musde to improve cardiac function. Prostaglandin E1 has strong vasodilating activity 
and platelet aggregating inhibitory activity and is clinically used for treatment of hemostatic ulcer complicated with 
chronic arterial oecuterve disease. 

Vasodilator used in the present invention are not limited within the scope hereinabove, and any compounds having 
vasodilating action can be used in the present invention. 

Compound having vasodilating activity used in the present invention is generally commercially available pharma- 
ceuticals used for treatment of circulatory diseases, and is added in preparation tor local administration in mucosa. In 
this case, amount of addition of vasodilator as an additive is not limited if such vasodilator shows effective absorption 
of physiologically adive peptide, and is preferably below 1/2 amount of minimum effective dose of the vasodilator, more 
preferably below 1/5 amount For example, a minimum usual dose of diltiazem hydrochloride is 10 mg and is preferably 
used as an additive of the present invention below 1/2 amount thereof, more preferably below 1/5 amount A minimum 
usual dose of prostaglandin E1 injection is 20 ug. and is preferably used as an additive of the present invention below 
1/2 amount (10 ug) thereof and more preferably below 1/5 amount (4 ug). Minimum limited amount may be above 0.1 
ug. preferably above 1 ug in a dosage regimen. 

Physiologically active peptide used in the present invention are peptide consisting of more than 3 amino acids, of 
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which molecular weight about 300 - 10.000. Examples of the peptide are insulin, calcitonin, human PTH (1 - 34). calci- 
tonin gene related peptide (CGRP), angiotensin fl. vasopressin, desmopressin acetate, buserelin acetate, goserelin 
acetate, nafarelin acetate, leuprorelin acetate, somatostatin, glucagon, oxytocin, secretin, LH - RH. ACTH, TRH. TSH. 
ANP or derivatives containing synthetic or semisynthetic compound thereof, 
s Calcitonin includes, for example natural calcitonin such as eel calcitonin, salmon calcitonin, human calcitonin, por- 
cine calcitonin and chicken calcitonin, and semisynthetic calcitonin such as ASU 1-7 eel calcitonin (elcatonin) or ASU v 
7 chicken calcitonin. Examples of insulin are human insulin, porcine insulin or bovine insulin. 

Most preferable peptides used in the present invention are elcatonin and human insulin. 

Formulation of the preparation for transmucosal administration of the present invention is explained hereinbelw. 
»o Amount of physiologically active peptide in the preparation of the present invention can be selected by an activity 
of the peptide and necessity of dosage amount, and depends on absorbability of the peptide from nasal mucosa. For 
example, preferable concentration of aqueous preparation of physiologically active peptide in the preparation tor trans- 
mucosal administrations 0.000001 - 5 % (w/v) and more preferably 0.00001 - 1% (w/v). 

The preparation for transmucosal administration of the present invention can be applied on nasal mucosa, oral 
15 mucosa, pulmonary mucosa, rectal mucosa, vaginal mucosa and ocular mucosa. In the preparation, formula can be a 
solution, solid or semi-solid form, and is preferably aqueous preparation for spray or drop, or suppositories. Aqueous or 
suppository preparation contains water soluble or oily base ingredients such as d stilled water, glycerin, propylene gly- 
col. Witepsol. cacao butter, soybean oil. neutral fatty acid triglyceride or poryvinylpyrrolidone. 

Aqueous preparation can be prepared by containing physiologically active peptide, one or more absorption promo- 
20 tors selected from the above and one or more vasodilators selected from the above, and if required adding suitable 
amount of pH adjusting agent, tonicity agents, preservatives, stabilizers, solubtlizers or emuteif iers, and eolubitizing or 
emulsifying thereof with addition of suitable amount of distilled water to prepare solution or emulsion, tf stability is 
required, solid preparation can be prepared by lyophilized or spray dried. 

A pH of the preparation can be selected not to affect stability of physiologically active peptide, within less damage 
25 to nasal mucosa and without precipitation. Preferable pH is generally pH 4 - 8. Examples of pH adjusters are sodium 
hydroxide, potassium hydroxide, sodium carbonate, sodium hydrogen carbonate, hydrochloric acid, sutfric acid or buff- 
ers such as phosphate, acetate, lactate or citrate. Osmotic pressure is preferably isotonic. 

Examples of tonicity agent are glycerin, sodium chloride, manitoi and glucose. Pharmacologically acceptable pre- 
servatives can be used. Example thereof are methyl parahydroxybenzoate, ethyl parahydroxybenzoate, propyl parahy- 
30 droxybenzoate, butyl parahydroxybenzoate, benzalkonium chloride, benzethonium chloride, phenylethyl alcohol, 
chlorobutanol. phenol, cresol, thimerosal. dehydroacetic acid and sorbicadd. Preferable concentration of the preserva- 
tives depends on the selected preservative and is 0.01 % - 2 % (w/v). 

Production of preparation of the present invention can be performed by conventional means. Aqueous preparation 
can be prepared, for example by adding water for injection to insulin, lysolecrthin. prostaglandin E1 and additives here- 
35 inbefore with stirring to sotubilize. and adjusting pH by adding pH adjuster such as sodium hydroxide or hydrochloric 
acid. The solution is filtered aseptically through, for example 0.22 Mm membrane fater, and is filled in vials (Sanvagon 
Corp. U-SAVE) to prepare aqueous preparation. 

Dosage depends on a purpose of administration. Preparation for nasal administration can be administered in 
human using constant sprayer (0.05 - 0.1 ml per one pushing) into one side or both nasal cavity, 1 • 3 times in a day. 
40 Preparation for administration through rectal mucosa or vaginal mucosa can be prepared by adding necessry 
amount of Witepsol. cacao butter, macrogol. propylene glycol or glycerin. 

Administration route of the preparation of the present invention is in general performed by spray drying into mucosa 
for systemic action. The preparation of the present invention adher es to the wide area of mucosa and is completely per- 
meate through mucosa to distribute peptide systemically. Accordingly, the preparation containing peptide for transmu- 
45 cosal administration of the present invention has no problems of pains in patients caused by injection, and auto- 
administration can be possible. 

Also the preparation can be prepared for transmucosal administration through nasal mucosa, pulmonary mucosa, 
rectal mucosa, vaginal mucosa and ocular mucosa. 

50 PRIEF EXPLANATION QP THE PPAWINQS 

Fig. 1 : Profile of serum levels after nasal administration of elcatonin. 
Fig. 2 : Absorption ratio (%) on subcutaneous injection of elcatonin (AUC). 
Fig. 3 : Proffle of serum levels after nasal administration of human insulin. 
55 Fig. 4 : Proffle of serum levels after nasal administration of human insulin. 
Fig. 5 : Proffle of serum levels after nasal administration of LH • RH. 
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EMBODIMENTS OF THE INVENTION 

Following examples and referential examples illustrate the present invention but are not construed as limiting. Fur- 
ther following experimental examples illustrate effect of the present invention. 

5 

REFERENTIAL EXAMPLE 1 

Sodium giycocholic acid (SGC : Sigma Corp., U.S.A.) 5 mg was dissolved in isotonic phosphate buffer solution pH 
6.0. l ml. The solution 1 ml was added in eicatonin 400 units/vial (lyophilized) to prepare elecatonin 400 units/ml solu- 
w tion (control 1). 

REFERENTIAL EXAMPLE 2 

Dihiazem hydrochloride (DTZ : Sigma Corp., U.S.A.) 10 mg was dissolved in isotonic phosphate buffer solution pH 
'5 6.0. 2 ml. The solution 1 ml was added in eicatonin 400 units/vial (lyophHized) to prepare elecatonin 400 units/ml solu- 
tion (control 2). 

EXAMPLE 1 

20 Diltiazem hydrochloride (DTZ : Sigma Corp, U.S.A.) 10 mg was dissolved in 0.5 % sodiuim giycocholic acid aque- 
ous solution (pH 6.0 isotonic phosphate buffer solution) 2 ml to prepare solution containing 0.5 % SGC and 0.5 % DTZ. 
The solution 1 mi was added in eicatonin 400 units/vial (lyophilized) to prepare elecatonin 400 urtits/m] solution. 

EXAMPLE 2 

25 

Verapamil hydrochloride (VP : Sigma Corp.. U.S.A.) 10 mg was dissolved in 0.5 % sodiuim giycocholic acid solution 
2 ml. which was prepared by dissolving previously N-viriyl-2-pyrroJidon (Wato Pure Chem. Co. Japan) 50 mg and 
sodium giycocholic acid (SGC : Sigma Corp., U.S.A.) 5 mg in isotonic phosphate buffer pH 6.0. 1 ml, to prepare solution 
containing 0.5 % SGC and 0.5 % VP. The solution 1 ml was added in eicatonin 400 unitsArial (lyophilized) to prepare 
30 elecatonin 400 units/ml solution. 

EXAMPLE 3 

Bepridil hydrochloride (BP : Sigma Corp.. U.S.A.) 10 mg was dissolved in 0.5 % sodiuim giycocholic acid solution 
35 2 ml. which was prepared by dissolving previously N-vinyl-2-pyrrolidon (Wako Pure Chem. Co., Japan) 100 mg and 
sodium giycocholic acid (SGC : Sigma Corp.. U.S. A.) 5 mg in isotonic phosphate buffer solution pH 6.0. 1 ml, to prepare 
solution containing 0.5 % SGC and 0.5 % BP. The solution 1 ml was added in eicatonin 400 units/vial (lyophiSzed) to 
prepare elecatonin 400 units/ ml solution. 

40 EXAMPLE 4 

Fusidil hydrochloride (FS : Asahi Chem. Co.. Japan) 10 mg was dissolved in 0.5 % sodiuim giycocholic acid aque- 
ous solution (pH 6.0 isotonic buffer solution) 2 ml to prepare solution containing 0.5 % SGC and 0.5 % Fa The solution 
1 ml was added in eicatonin 400 untts/viaJ (lyophilized) to prepare elecatonin 400 units/ml solution. 

45 

EXPER IM E NT 1 

In vivo absorption of eicatonin by rats : 
so [h vivo experiment] 

Wistar rats, male (Japan SLC. body weight 200 - 250 g). fasting overnight. 4 rats in a group, were anesthetized by 
pentobarbital (Nembutal inj. Dainippon Pharm. Co., Japan). 

Polyethylene tube was inserted into the trachea by incised in the corvex. Tube was inserted into postnasal space 
55 after esophageal incision. Administration was conducted by pouring drug solution 25 ul prepared in use using micropi- 
pette into the right nans. Blood sample 200 ui was collected from femoral vein time depend ently before and after admin- 
istration of drug. Blood sample was centrrfuged (15.000 rpm/10 minVS'C) and stored at -30 °C before analysis. 

Eicatonin 20 units/ml (in physiological saline) 0.25 ml was subcutaneousry administered for comparison with 
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absorption rate (comparison 1 ). 
QUANTITATIVE METHOD 
5 Blood level was assayed by RIA. 
RESULT 

Time dependent curve of serum elcatonin is shown in Ftg. 1 . 

w Significant increase in serum elcatonin level was observed in the administration group ( a- a) in example 1 , in which 
elcatonin, 0.5 % sodium glycocholic acid and 0.5 % diftiazem hydrochloride were added, as compared with control 
group i containing elcatonin and 0.5 % sodium glycocholic acid (m). About 3.6 folds increase in elcatonin absorption 
through nasal mucosa were observed by comparing area under the curve (AUC) of the experimental group with the 
control 1 . Almost no absorption through nasal mucosa was observed in the administered group of control 2 (•-•) con- 

is taining elcatonin and diltiazem hydrochloride. Therefore, diltiazem hydrochloride per se has no absorption promoting 
action. In conclusion, combination of absorption promoter sodium glycocholic acid and diltiazem hydrochloride, a 
vasodilator of calcium blocker, shows excellent absorption promoting action. Further, administration group of varapamit 
hydrochloride (Fig. 1, O "O )■ bepridil hydrochloride (Fig. 1 , a-a) and fasudil hydrochloride (Fig. 1, D-a) in example 
2. 3 and 4 showed increased absorption as same as of in diltiazem hydrochloride. 

20 Fig. 2 shows increased absorption promoting action of various calcium channel blockers. 

Absorption rate is calculated by using area under the curve (AUC) in the comparison 1 from the following equation. 

A ^ rptjonra1e(%)= ^I x ^J xl0 o 

25 

wherein I. N. : nasal admira'straion and S.C. : subcutaneous administration. As clearly shown in Fig. 2, absorption of 
elcatonin was enhanced in above 2 fold through nasal mucosa by administering with absorption promotor sodium gly- 
cocholate and calciuim channel blocker as compared with sodium glycocholic acid per se. 

30 

REFERENTIAL gftftMPLE 3 

A r-human insulin (gene manipulation product from yeast : specific activity 26 urats/mg ; Boehringer Mannheim Co., 
Germany) 10 unitsArial (lyophHized) was dissolved in isotonic phosphate buffer solution pH 7.4, 1 ml to prepare human 
35 insulin solution 10 units/ml (control 3). 

REFERENTIAL EXAMPLE 4 

L- a-lysdecithin (LPC : Sigma Corp., USA) 5 mg was dissolved in isotonic phosphate buffer solution pH 7.4, 1 ml 
40 to prepare solution containing 0.5 % LPC. The solution 1 ml was added in r-human insulin 10 unitsArial (lyophilized) to 
prepare r-human insulin 10 units/ml solution (control 4). 

EXAMPLES 

45 Diltiazem hydrochloride (DTZ : Sigma Corp., U.S.A.) 10 mg was dissolved in 0.5 % L-a-lysolecrthin solution (isot- 
onic phosphate buffer solution pH 6.0) 2 ml to prepare solution containing 0.5 % LPC and 0.5 % DTZ. The solution 1 
ml was added in r-human insulin 10 unrtstoa) (ryophilized) to prepare human insulin 10 units/ml solution. 

EXAMPLES 

so 

Prostaglandin R20 for injection (Prostaglandin E1 : PGE1 : Ono Pharm. Co., Japan) 20 mq was dissolved in 0.5 % 
L- a-lysolecrNn (LPC) solution (isotonic phosphate buffer solution pH 7.4) 2 ml to prepare solution containing 0.5 % 
LPC and 0.001 % PGE1. The solution 1 ml was added in r-human insulin 10 units/vial (lyophilized) to prepare human 
insulin 10 units/ml solution. 

55 

EXPERIMEN T 2 

In vivo absorption of insulin by rats : 
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[in vivo experiment] 

Wistar rats, male (Japan SLC, body weighl 200 - 250 g). fasting overnight, 4 rats in a group, were anesthetized by 
pentobarbital (Nembutal inj. Dairtippon Pharm. Co.. Japan). 

5 Polyethylene tube was inserted into the trachea by incised in the corvex to maintain the trachea. Tube, edge of 
which was closed by cotton, was inserted into postnasal space after esophageal incision in order to prevent leak of drug 
solution from the nasal cavity to the esophagus. Administration was conducted by pouring drug solution 25 til prepared 
in use usingmicropipette into the right naris. Blood sample 200 jJ was collected from the femoral vein time dependency 
before and after administration of drug. Blood sample was centrifuged (15. 000 rpm/10 min 75°C) and stored at -30 °C 

jo before analysis. 

QUANTITATIVE METHOD 

Blood level was assayed by using human insulin assay reagent (Boehringer Mannheim Co., Germany), an EIA of 
is one step sandwttch method using 2 types of monoclonal antibody. 

RESULT 

Time dependent curve of serum insulin concentration is shown in Fig. 3. In Fig. 3, insulin solution administered 
20 group, control 3 {•-•), shows almost no absorption through the nasal mucosa. Significant increase in absorption was 
observed in a group added with insulin. 0.5 % diftiazem hydrochloride and 0.001 % PGE1 as compared with a group of 
control 4 (O O) with insulin and 0.5 % L-a-iyso-lecithin (LPC). Area under the curve (AUC) of administered 
group of the preparation in example 5 (■-■) added with 0.5 % drttiazern hydrochloride and that of the preparation in 
example 6 (a«a) added with 0.001 % PGE1 , increased about 1.7 fold and 1 .8 fold, respectively, in absorption of insulin 
25 through the nasal mucosa. 

EXAMPLE 7 

In 1 ml of preparation for transmucosal administration : 

30 





1. elcatonin 


1000 units 


35 


2. sodium glycochota acid 


5mg 




3. dtttiazem hydrochloride 


5mg 




4. glycerin 


22 mg 




5. methyl parahydroxy benzoic acid 


1 mg 


40 


6. hydrochloric acid/sodium hydroxoide ad libitum for adjusting to pH 5.5 






7. water for injection 


total 1 ml 



4s The preparation containing tie above was prepared. The solution was filtered asepticaliy (0.22 urn membrane filter) 
and packed asepticaliy 3 ml thereof in a vial proper to quantitative mechanical spray for nasal administration to prepare 
the product. This product contains elcatonin 1000 units/ml and constant spray administration of 100 units of elcatonin 
can be performed by one pushing on adaptor. 

so EXAMPLE 8 

In 1 ml ol preparation for transmucosal administration : 



55 



1. elcatonin 

2. L* a-lysolecrthin 



1000 units 
5 mg 
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(continued) 




3. prostaglandin El 


10 m9 


4. gjycertn 


22 mg 


5. methyl parahydroxy benzoic acid 


1 mg 


6. hydrochloric acid/sodium hydroxoide ad libitum tor adjusting to pH 5.5 




7. water for injection 


total 1 ml 



The preparation containing the above was prepared. The solution was filtered asepticaily (0.22 um membrane fitter) 
and packed asepticaily 3 ml thereof in a vial proper to quantitative mechanical spray for nasal administration to prepare 
the product. This product contains elcatonin 1000 units/ml and constant spray administration of 100 units of eteatonin 
can be performed by one pushing on adaptor. 

EXAMPLE 9 

In 1 ml of preparation for transmucosal administration : 



1. elcatonin 


1000 units 


2. L- a-lysolecithin 


5 mg 


3. isosorbidedinitrate 


0.1 mg 


4. glycerin 


17.6 mg 


5. D-sorbitol 


10 mg 


6. hydrochloric acidfcodium hydroxoide ad libitum tor adjusting to pH 5.5 




7. water for injection 


total 1 ml 



The preparation containing the above was prepared. The solution was filtered asepticaily (0.22 um membrane filter) 
35 and packed asepticaily 3 ml thereof in a vial proper to quantitative mechanical spray tor nasal administration to prepare 
the product. This product contains elcatonin 1000 units/ml and constant spray administration of 100 units erf elcatonin 
can be performed by one pushing on adaptor. 

EXAMPLE 10 

40 

In 1 ml of preparation tor transmucosal administration : 



45 


1. r-human insulin 


100 units 




2. sodium glyoocholic acid 


5 mg 




3. dirtiazem hydrochloride 


5 mg 


50 


4. glycerin 


22 mg 


5. methyl parahydroxy benzoic acid 

6. hydrochloric acid/sodium hydroxoide ad Ifortum for adjusting to pH 6.0 


1 mg 




7. water for injection 


total 1 ml 



55 



The preparation containing the above was prepared. The solution was f atered asepticaily (0.22 um membrane fitter) 
and packed asepticaily 3 ml thereof in a vial proper to quantitative mechanical spray for nasal administration to prepare 
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the product. This product contains r -human insulin 100 units/ml and constant spray administration of 10 units of human 
insulin can be performed by one pushing on adaptor. 

EXAMPLE 11 

In 1 ml of preparation for transmucosal administration : 



10 


1. r -human insulin 


100 units 




2. L- a-lysolecithin 


5mg 




3. prostaglandin El 


10 ug 


IS 


4. glycerin 


22 mg 




5. benzalKonium chloride 


0.1 mg 




6. hydrochloric acid/sodium hydroxoide ad libitum for adjusting to pH 6.0 






7. water for injection 


total 1 ml 



20 



The preparation containing the above was prepared. The solution was filtered asepticalty (0.22 jam membrane filter) 
and packed asepticalty 3 ml thereof in a vial proper to quantitative mechanical spray for nasal administration to prepare 
the product. This product contains r-human insulin 100 units/ml and constant spray administration of 10 units of human 
25 insulin can be performed by one pushing on adaptor. 

EXAMPLE 12 

In 1 ml of preparation for transmucosal administration : 





1. r-human insulin 


100 units 


35 


2. L- a-lysolecithin 


5mg 




3. isosorbide dinitrate 


0.1 mg 




4. glycerin 


17 6mg 




5. benzalkonium chloride 


0.1 mg 


40 


6. D-sorbitol 


10 mg 




7. hydrochloric acid/sodium hydroxoide ad libitum for adjusting to pH 6.0 






8. water for injection 


total 1 ml 



The preparation containing the above was prepared. The solution was filtered aseptically (0.22 urn membrane filter) 
and packed aseptically 3 ml thereof in a vial proper to quantitative mechanical spray for nasal administration to prepare 
the product. This product contains r-human insulin 100 units/ml and constant spray administration of 10 units of human 
insulin can be performed by one pushing on adaptor. 

50 

REFERENTIAL EXAMPLE 5 

A solution containing pyrothiodecane ( 1 -[2-(decytthio)etriy1]-a2ai^doperitane-2^ (Hisamrteu Pharm. Co., 
Japan) 5 mg as an absorption promoter, d (potassium glyclyrrhizic add 10 mg as an emulsrfier and glycerin 22 mg as 
55 an isotonic agent in distilled water was prepared and homogenized by means of uftrasonicatioa a solution of which was 
adjusted by adding 1 N sodium hydroxide to pH 6.0. A volume of the solution was adjusted to measure up to 1 ml to 
prepare 0.5 % pyrothiodecane solution. The solution thereof 1 ml was added in r-human insulin 10 units/vial (fyophi- 
lized) to prepare liquid preparation of human insulin 10 unrts/m) (control 5). 
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REFERENTIAL EXAMPLE 6 

A solution containing prostaglandin E1 (PGE1 : prostaglandin R20 for injection, Ono Pharm Co , Japan) 0.05 mg 
and glycerin 25.7 mg as anisotonic agent in distilled water, was prepared and adjusted to pH 6.0 by adding 1 N-sodium 
5 hydroxide. The solution was measured up to 1 ml to prepare 0.005 % PGE 1 solution. The solution 1 ml was added in r- 
human insulin 100 units/vial (lyophilized) to prepare liquid preparation of insulin 10 units/mJ (control 6). 

EXAMPLE 13 

io A solution containing pyrothiodecane 5 mg as an absorption promoter, dipotassium glyclyrrhizic acid 10 mg as an 
emulsifier. glycerin 22 mg as an isotonic agent and vasodilator prostaglandin E1 (PGE1 : prostaglandin R20 tor injec- 
tion) 0.01 mg in distilled water was prepared and homogenized by means of Uttrasonicatton, a solution of which was 
adjusted by adding 1 N sodium hydroxide to pH 6.0. A volume of the solution was adjusted to measure up to 1 mi to 
prepare 0.5 % pyrothiodecane and 0.001 % PGE1 solution. The solution thereof 1 ml was added in r -human insulin 10 

is units/vial (lyophilized) to prepare liquid pr eparation of human insulin 1 0 units/ml. 

EXAMPLE 14 

A solution containing pyrothiodecane 5 mg as an absorption promoter, dipotassium glyclyrrhizic acid 10 mg as an 
so emulsifier. glycerin 17.6 mg as an isotonic agent and vasodilator isosortxle cfinrtrate (ISDN : Nitorol inj., Eizai Co., 
Japan) 0.1 mg in distilled water was prepared and homogenized by means of ulhrasonication, a solution of which was 
adjusted by adding 1 N sodium hydroxide to pH 6.0. A volume of the solution was adjusted to measure up to 1 mi to 
prepare 0.5 % pyrothiodecane and 0.01 % ISDN solution. The solution thereof 1 mi was added in r -human insulin 10 
units/vial (lyophilized) to prepare liquid preparation of human insulin 10 units/ml. 

EXAMPLE 15 

A solution containing pyrothiodecane 5 mg as an absorption promotor, dipotassium glyclyrrhizic acid 10 mg as an 
emulsifier, glycerin 13.2 mg as an isotonic agent and vasodilator isosorbide cfinrtrate (ISDN : Nitorol inj., Eizai Co., 
30 Japan) 0.2 mg in distilled water was prepared and homogenized by means of ulttrascnication. a solution of which was 
adjusted by adding 1 N sodium hydroxide to pH 6.0. A volume of the solution was adjusted to measure up to 1 ml to 
prepare 0.5 % pyrothiodecane and 0.02 % ISDN solution. The solution thereof 1 mJ was added in r-human insulin 10 
unitsA/ial (lyophilized) to prepare liquid preparation of human insulin 10 unrts/mJ. 

35 EXAMPLE 16 

A solution containing pyrothiodecane 5 mg as an absorption promotor. dipotassium glyclyrrhizic acid 10 mg as an 
emulsifier. glycerin 17.6 mg as an isotonic agent and vasodilator nitroglycerin (Miltisroi inj.. Nippon Kayaku Co.. Japan) 
0. 1 mg in distilled water was prepared and homogenized by means of ulltrasontcarjon, a solution of which was adjusted 
40 by adding i N sodium hydroxide to pH 6.0. A volume of the solution was adjusted to measure up to 1 rrt to prepare 0.5 
% pyrothiodecane and 0.01 % nitroglycerin solution. The solution thereof 1 rrt was added in r-human insulin 10 
units/vial (lyophiized) to prepare liquid preparation of human insulin 10 units/ml. 

EXPERIMENT 3 

45 

In vivo absorption of insulin by rats (2) : 
pn vivo experiment) 

so Wistar rats, male (Japan SLC, body weight 200 - 250 g). fasting overnight. 4 rats in a group, were anesthetized by 

pentobarbital (Nembutal inj. Dainippon Pharm. Co., Japan). 

Polyethylene tube was inserted into the trachea by incised in the corvex to maintain the trachea Tuba edge of 

which was dosed by cotton, was inserted into postnasal space after esophageal incision in order to prevent leak of drug 

solution from the nasal cavity to the esophagus. Administration was conducted by pouring drug solution 25 uJ prepared 
55 in use using micropipette into the right naris. Blood sample 200 ill was collected from the femoral vein time dependenty 

before and after administration of drug. Blood sample was centrrfuged (1 5,000 rpm/10 rrm/5°C) and stored at -30 °C 

before analysts. 
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QUANTITATIVE METHOD 

Blood level was assayed by using human insulin assay reagent (Boehringer Mannheim Co.. Germany), an EIA of 
one step sandwrtch method using 2 types of monoclonal antibody. 

5 

EISUU 

Time dependent curve of serum insulin concentration is shown in Fig. 4. In Fig. 4, insuin solution administered 
group, control 3 (#-•). shows almost no absorption through the nasal mucosa. Similarly, a solution containing insulin 

>0 and 0.005 % PGE1 (control 6) administered group (O O ) shows almost no absorption. Significant increase in absorp- 
tion of insulin from nasal mucosa was observed in the group of the preparation of example 1 3 (■-■) added with insulin, 
0 5 % pyrothiodecane and 0.001 % PGE1. the group of the preparation of example 14 ( *•▲) added with 0.01 % ISDN, 
the group of the preparation of example 15 (□-□) added with 0.02 % ISDN, and the group of the preparation of example 
16 added with 0.01 % nitroglycerin (+ - +) as compared with the conventional preparation of the group of control 5 (a- 

15 a) containing insulin and 0.5 % pyrothiodecane. Area under the curve (AUC ; 0 - 2 hr.) of these administered groups of 
the preparation increased significantly about 1.7 fold, 1.9 fold, 2.0 folds and 2.4 folds, respectively, as compared with 
the administered group of the control 6. 

EXAMPLE 17 

20 

In 1 ml of preparation for transmucosal administration : 



25 


1. r-human insulin 


100 units 




2. pyrothiodecane 


5mg 




3. PGE1 


0.005 mg 


30 


4. dipotassium glycyrmizic acid 


10 mg 




5. glycerin 


22 mg 




6. benzaJkonium chloride 


0.1 mg 




7. hydrochloric aad/sodium hydroxoide ad libitum for adjusting to pH 6.0 




35 


8. water for injection 


total 1 ml 



The preparation containing the above was prepared. The solution was filtered asepttcally (0.22 urn membrane titer) 
and packed aseptcally 3 ml thereof in a vial proper to quantitative mechanical spray for nasal administration to prepare 
40 the product. This product contains r-human insulin 1 00 units/ml and constant spray administration of 10 units of human 
insulin can be performed by one pushing on adaptor. 

EXAMPLE 18 

45 In 1 ml of preparation for transmucosal administration : 



1. r-human insulin 


100 units 


2. pyrothiodecane 


5mg 


3. PGE1 


0.01 mg 


4. dipotassium glycyrrhizic acid 


10 mg 


5. glycerin 


22 mg 


6. benzaikonium chloride 


0.1 mg 


7. hydrochloric acid/sodium hydroxoide ad libitum for adjusting to pH 6.0 
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8. water for injection 



total 1 ml 



5 The preparation containing the above was prepared. The solution was f fttered aseptically (0.22 \im membrane filter) 
and packed aseptically 3 ml thereof in a vial proper to quantitative mechanical spray for nasal administration to prepare 
the product. This product contains r-human insulin 1 00 units/ml and constant spray administration of 10 units of human 
insulin can be performed by one pushing on adaptor. 

io EXAMP15 19 

in 1 ml of preparation for transmucosal administration : 



15 





1 . r-human insulin 


100 units 




2. pyrothiodecane 


5mg 




3. isosorbide dinitrate 


0.1 mg 


20 


4. dipotassium glycyrmizic acid 


10 mg 




5. glycerin 


17.6 mg 




6. benzalkonium chloride 


0.1 mg 


25 


7. D-sorbrtoi 

8. hydrochloric acid/sodium hydraxoide ad I bet urn for adjusting to pH 6.0 


10 mg 




9. water for injection 


totaM ml 



The preparation containing the above was prepared. The solution was filtered aseptically (0 .22 urn membrane filter) 
and packed aseptically 3 ml thereof in a vial proper to quantitative mechanical spray for nasal administration to prepare 
the product. This product contains r-human insulin 100 units/ml and constant spray administration of 10 units of human 
insulin can be performed by one pushing on adaptor. 

35 

EXAMPLE g p 

In 1 ml of preparation tor transmucosal administration : 

40 



1 . r-human insulin 


100 units 


2. pyrothiodecane 


5 mg 


3. isosorbide dmrtrate 


0.2 mg 


4. dipotassium glycyrmizic acid 


10 mg 


5. glycerin 


13.2 mg 


6. benzalkonium chloride 


0.1 mg 


7. D-sorbitol 


20 mg 


8. hydrochloric acid/sodium hydraxoide ad Ifortum for adjusting to pH 6.0 




9. water tor injection 


total 1 ml 



55 

The preparation containing the above was prepared. The solution was f fltered aseptically (0.22 jim membrane filter) 
and packed aseptically 3 ml thereof in a vial proper to quantitative mechanical spray for nasal administration to prepare 
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the product. This product contains r-human insulin 100 units/ml and constant spray administration of 10 units of human 
insulin can be performed by one pushing on adaptor. 

E XAM PLE 21 

5 

fn 1 ml of preparation for transmucosal administration 



70 


1. r -human insulin 


100 units 




2. pyrothiodecane 


5mg 




3. nitroglycerin 


0.1 mg 


75 


4. dipotassium glycyrrhizic acid 


10 mg 




5. glycerin 


17.6 mg 




6. beniaJkomum chloride 


0.1 mg 




7. D-mannitol 


10 mg j 


20 


8. hydrochloric acid/sodium hydroxoide ad libitum for adjusting to pH 6.0 






9. water for injection 


total i ml 



25 The preparation containing the above was prepared. The solution was filtered asepbcaJly (0.22 membrane fitter) 
and packed aseptically 3 ml thereof in a vial proper to quantitative mechanical spray tor nasal administration to prepare 
the product This product contains r-human insulin 100 units/ml and constant spray administration of 10 units of human 
insulin can be performed by one pushing on adaptor. 

30 REFERENTIAL EXAMPtf 7 

A solution containing isosorbide (ISDN : Nitorol inj. Eizai Co.. Japan) 0.1 mg and glycerin 25.7 mg an an isotonic 
agent in distilled water, was prepared and adjusted to pH 6.0 by adding 1 N-sodium hydroxide. The solution was meas- 
ured up to 1 ml to prepare 0.01 % ISDN solution. The solution 1 ml was added in luteinizing hormone-releasing nor- 
35 mone (LH - RH, Sigma Corp., USA) 100 ugArial (lyophilized) to prepare liquid preparation of LH - RH in 100 ug/rnl 
(control 7). 

REFERENTIAL EXAMPLE 9 

40 A solution containing pyrothiodecane 5 mg as an absorption promoter, dipotassium glycryrrhizic acid 1 0 mg as an 
emuisif ier aid glycerin 22 mg as an isotonic agent in distilled water was prepared and homogenized by means of ulltra- 
sonicatjon. a solution of which was adjusted by adding 1 N sodium hydroxide to pH 6.0. A volume of the solution was 
adjusted to measure up to 1 ml to prepare 0.5 % pyrothiodecane solution. The solution thereof 1 ml was added in lutei- 
nizing hormone-releasing hormone (LH - RH, Sigma Corp., U.S.A.) 100 jigMai (lyophilized) to prepare liquid prepara- 

45 tionof LH - RH in 100 nfl/ml (control 8). 

EXAMPLE 22 

A solution containing pyrothiodecane 5 mg as an absorption promoter, dipotassium glycryrrhizic acid 10 mg as an 
so emuisif ier. glycerin 17.6 mg as an isotonic agent and vasodilator isosoitoide dinttrate (ISDN : Nitorol inj.. Eizai Co., 
Japan) 0.1 mg in distilled water was prepared and homogenized by means of ulltrasontcation. a solution of which was 
adjusted by adding 1 N sodium hydroxide to pH 6.0. A volume of the solution was adjusted to measure up to 1 ml to 
prepare 0.5 % pyrothiodecane and 0 01 % ISDN solution. The solution thereof 1 ml was added in luteinizing hormone- 
releasing hormone {LH - RH. Sigma Corpi. U.S.A.) 100 ugA/ial (lyophilized) to prepare liquid preparation of LH - RH in 
55 100 jig/ml. 
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EXPERIMENT 4 

In vivo absorption of LH • RH by rats : 
5 [in vrvo experiment] 

Wistar rats, male (Japan SLC. body weight 200 - 250 g), fasting overnight 4 rats in a group, were anesthetized by 
pentobarbital (Nembutal inj. Dainippon Pharm. Ca, Japan). 

Polyethylene tube was inserted into the trachea by incised in the corvex to maintain the trachea. Tube, edge of 
w which was closed by cotton, was inserted into postnasal space after esophageal incision in order to prevent teak of drug 
solution from the nasal cavity to the esophagus. Administration was conducted by pouring drug solution 10 ng/0.1 
mg/kg prepared in use using rrbcropipette into the right naris. Blood sample 200 jtl was collected from the femoral vein 
time dependents beforeand after administration of drug. Blood sample was centrifuged (15.000 rpm/10 trinJS °C) and 
stored at -30 °C before analysis. 

15 

QUANTITATIVE METHQP 

Blood level was assayed by using LH - RH assay reagent (Peninsula Corp., U.S.A.), an competitive EIA method. 
20 RESULT 

Time dependent curve of serum LH • RH concentration is shown in Fig. 5. In Fig. 5. the administered group of con- 
trol 7 containing LH - RH and 0.01 % ISDN ( •••) shows almost no absorption through the nasal mucosa. Significant 
increase in absorption was observed in a group added with LH - RH, 0.5 % pyrothiodecane and 0.01 % ISDN of the 
25 present invention (■-■) as compared with a group of control 8 (A- A) containing conventional preparation of LH - RH and 
0.5 % pyrothiodecane. Area under me curve (AUC : 0-2 nr.) of the administered group of the present invention 
increased about 1 . 5 fold as compared with the AUC of the control 8. 

EXAMPLE 23 

30 

In 1 ml of preparation for transmucosal administration : 



35 


1.LH-RH 


5mg 




2. pyrothiodecane 


5 mg 




3. isosorbide dinitrate 


0.1 mg 


40 


4. dipotassjum grycyrrtiizic acid 


10 mg 


5. glycerin 


17.6 mg 




& benzalKonium chloride 


0.1 mg 




7. D-sortrtol 


10 mg 


45 


8. hydrochloric acid/sodium hydroxoide ad Ifcitum for adjusting to pH 6.0 






9. water for injection 


total 1 ml 



so The preparation containing the above was prepared. The solution was tittered asepticaJiy (0.22 ^m membrane litter) 
and packed aseptically 3 ml thereof in a vial proper to quantitative mechanical spray for nasal administration to prepare 
the product. This product contains LH - RH 5 mg/ml and constant spray administration of 0.5 mg of LH - RH can be per- 
formed by one pushing on adaptor 

55 REFERENTIAL EXAMPLE 9 

Isosorbide dinitrate (ISDN : Nrtord inj.. Eizai Co., Japan) 0.2 mg was dissolved in isotonic phosphate buffer solution 
pH 7.4, 1 ml to prepare solution to prepare a solution containing 0.02 % ISDN. Trie solution 1 ml was added in r-human 
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insulin 10 units/vial (lyophffized) to prepare human insulin 10 units/ml solution (control 9). 
EXAMPLE 24 

5 isosorbide cSnitrate (ISDN : Nitorol inj., Eizai Co.. Japan) 0.1 mg dissolved in 0.5 % L-a-lysolecithin solution (isot- 
onic phosphate buffer solution pH 7.4) 1 ml to prepare solution containing 0.5 % IPC and 0.01 % ISDN. The solution 1 
ml was added in r-human insulin 10 units/vial (lyophilized) to prepare human insulin 10 units/mi solution. 

EXAMPLE 25 

ro 

Nitoroglycenn (Millisroi inj., Ninon Kayaku Co., Japan) 0.1 mg dissolved in 0.5 % L-a-lysolecithin solution (isotonic 
phosphate buffer solution pH 7.4) 1 ml to prepare solution containing 0.5 % LPC and 0.01 % nitroglycerin. The solution 
1 ml was added in r-human insulin 10 units/vial (lyophilized) to prepare human insulin 10 units/ml solution. 

<5 EXPERIMENTS 

In vivo absorption of insulin by rats (3) : 

[in vivo experiment] 

20 

Wistar rats, male (Japan SLC. body weight 200 - 250 g), fasting overnight, 4 rats in a group, were anesthetized by 
pentobarbital (Nembutal inj. Dainippon Pharm. Co., Japan). 

Polyethylene tube was inserted into the trachea by indsed in the corvex to maintain the trachea. Tube, edge of . 
which was closed by cotton, was inserted into postnasal space after esophageal incision in order to prevent leak of drug 
25 solution from the nasal cavity to the esophagus. Administration was conducted by pouring drug solution 25 \x\ prepared 
in use using micropipette into the right nans. Blood sample 200 ul was collected from the femoral vein time dependency 
before and after administration of drug. Blood sample was centrifuged (15.000 rpm/10 min./5°C) and stored at -30 °C 
before analysis. 

30 QUANTITATIVE METHOD 

Blood level was assayed by using human insulin assay reagent (Boehringer Mannheim Co., Germany), an EIA of 
one step sandwitch method using 2 types of monoclonal antibody. 

3S RESULT 

Insulin solution administered group, control 3 shows almost no absorption through the nasal mucosa. Similarly, a 
solution containing insulin and 0.02 % isosorbide d initiate (ISDN) (control 6) administered group shows almost no 
absorption. Significant increase in absorption of insulin from nasal mucosa was observed in the group of the prepara- 
40 tion of example 24 added with insulin, 0.5 % LPC and 0.01 % ISDN or 0.01 % nitroglycerin and the group of the prep- 
aration of example 25 added with 0.01 % nitroglycerin as compared with that of the prior known conventional 
preparation of control 4 containing insulin and 0.5 % L-a-lysolecfthin (LPC). Area under the curve (AUC ; 0 - 2 nr.) of 
these administered groups increased about 1 .7 fold and 1.5 folds, respectively, as compared with the administered 
group of the control 4.. 

45 

E XAM PLE 26 

In 1 mi of preparation for transmucosal administration : 



so 





1. r-human insulin 


100 units 




2. L- a-lysolecithin 


5mg 


55 


3. nitroglycerin 


0.1 mg 




4. glycerin 


17.6 mg 
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(continued) 






5. borualkomum chloride 


0.1 mg 




6. D-mannitoi 


10 mg 


5 


7. hydrochloric aadfcodium hydroxoide ad Ibrtum for adjusting to pH 6.0 






8. water for injection 


total 1 ml 



The preparation containing the above was prepared. The solution was filtered asepticaty (0.22 urn membrane filter) 
w and packed aseptically 3 ml thereof in a vial proper to quantitative mechanical spray for nasal administration to prepare 
the product. This product contains r-human insulin 1 00 units/ml and constant spray administration of 10 units of human 
insulin can be performed by one pushing on adaptor. 

EFFECT OF THE INVENTION 

15 

A preparation containing physiologically active peptide for transmucosal administration of the present invention 
shows increasing effect of absorption from nasal mucosa with using minimum amount of absorption promoter without 
detrimental effect on mucosa. 

20 Claims 

1 . A preparation for transmucosal administration comprising a physiologically active peptide, at least admixed with an 
absorption promoter having absorption promoting actioin for the physiologically active peptide on nasal mucosa or 
rectal mucosa and a compound having vasodilating activity. 

25 

2. The preparation for transmucosal administration according to claim 1 wherein the absorption promoter having 
absorption promoting action tor the physiologically active peptide on nasal mucosa or rectal mucosa has the 
absorption promoting action with improved absorption rate of above 200 % on nasal mucosa or rectal mucosa as 
compared with a preparation without absorption promoter when insulin is used as the physiologically active pep- 

30 tide. 

3. The preparation tor transmucosal administration according to claim 1 wherein the absorption promotor is one or 
more numbers thereof selected from the group consisting of salt of bile acid, salt of fusidjc acid, salt of glycyrrhizic 
acid, saft of O-acyl-L-carnitine. phospholipid, non-ionic surface active agent, cydedaxtrin, higher tatty acid, 1-alkyt- 

35 2-pyrroWone derivative, 1 ^ecyta2acycfoheptane-2-one, bacitracin, sodium azulenesurfonate and azacydoal- 
kane denvatrveof the formula ( 1 ) 



o 
c 




(CH 2 ) m-N- (CH 2 ) n-S-R 



wherein R is an alkyl, m is an integer of 2 - 4 and n is an integer of t - 1 5, provided that R is an alky! with a carbon 
number of 5 - 11 in case where n is 1 - 3. 

so 

4. The preparation for transmucosal administration according to claim 3 wherein salt of bile acid is one or more num- 
bers thereof selected from the group consisting of sodium taurocholate, sodium glycocholate and sodium deoxy- 
cholate. 

55 5. The preparation for transmucosal administration according to claim 3 wherein salt of fusidic acid is one or more 
numbers thereof selected from the group consisting of sodium fusidic acid and tauro-24. 25-dihydrofusidic acid. 

6. The preparation for transmucosal administration according to claim 3 wherein salt of glycyrrhizic acid is one or 
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more numbers thereof selected from the group consisting of salt of glycyrrhizic acid and dtsodium 3-succinytoxyg- 
fycyrrhizic acid (carberixolon). 

7. The preparation tor transmucosal administration according to claim 3 wherein salt of O-acyl-L-carnitine is Oacyl- 
5 L-carnitine having C 8 , 18 acyl. 

8. The preparation for transmucosal administration according to claim 3 wherein salt of Oacyl-L-carnrtine is one or 
mere numbers thereof selected from the group consisting of salt of O-octanoyl-L-carnitine, saft of O-lauroyi-L-car- 
nitine and salt of OpalmrtoyM-carnrtine. 

w 

9. The preparation for transmucosal administration according to claim 3 wherein phospholipid is one a more numbers 
thereof selected from the group consisting of phosphatidylcholine (lecithin), lisophosphatkjylcholine (rysoiecrthin) 
and lysophosphatkjy (glycerol. 

15 10. The preparation for transmucosal administration according to claim 3 wherein non-ionic surface active agent is one 
or more numbers thereof selected from the group consisting of poryoxyalkylene higher alcohol ether, polyoxy- 
alkylene alkylphenol and sucrose fatty acid ester. 

1 1 . The preparation for transmucosal administration according to claim 3 wherein non-ionic surface active agent is one 
20 or more numbers thereof selected from the group consisting of pdyoxyalkyiene lauryl and polyoxyalkyiene (24) 

cholesteryt ether. 

1 2. The preparation for transmucosal administration according to claim 3 wherein cyctodextrin is one or more numbers . 
thereof selected from the group consisting of a-cyckxlextrin. p-cyclodextrin, r cyclodextrin and dimethyl- 0-cydo- 

25 dextrin. 

13. The preparation for transmucosal administration according to claim 3 wherein higher fatty acid is higher fatty acid 

Of C 16 .20 • 

30 14. The preparation for transmucosal administration according to claim 1 3 wherein higher fatty acid of C 1 ^20 & one or 
more numbers of C 18 higher fatty acid selected from the group consisting of oleic acid, Hnoleic acid and linolenic 
acid. 

15. The preparation for transmucosal administration according to claim 3 wherein 1 -alkyl-2-pyrrolidone derivative is 
3s one or more numbers thereof selected from the group consisting of C alkyl. 

16. The preparation for transmucosal administration according to claim 15 wherein alkyl is one or more numbers 
thereof selected from the group consisting of butyl, pentyl, hexyt, heptyl, octyl, nonyl, decyl, undecyl and dodecyl. 

40 1 7. The preparation tor transmucosal administration according to claim 3 wherein azacycioaikane derivative of the for- 
mul (1 ) is azacycioaikane derivative in which R is C 10 alkyl, m is 3 and n is 2, i.e. l-[2-(decytthlo) ethyl] azacy- 
ctopentane-2-one. 

18. The preparation tor transmucosal administration according to claim 1 wherein the absorption promoter is admixed 
45 with 0.01 - 5 weight % of the said preparation. 

19. The preparation for transmucosal administration according to claim 1 wherein the compound having vasodilating 
activity is one or more numbers thereof selected from the group consisting of calcium channel blocker of molecular 
weight 200 - 700, prostaglandin E1 , isosorbide dinitrate and nitroglycerin. 

50 

20. The preparation for transmucosal administration according to claim 19 wherein calcium channel blocker is cf ftiazem 
hydrochloride, verapamil hydrochloride. bepridU hydrochloride, nifedipine hydrochloride, nicardipine hydrochloride 
and fasudil hydrochloride. 

55 21 . The preparation for transmucosal administration according to claim 1 wherein the compound having vasodilating 
activity is admixed with below 1/2 of minimum usual dose as an effective component of the said compound in the 
preparation for transmucosal administration. 
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22. The preparation for transmucosal administration according to claim 1 wherein molecular weight of the physiologi- 
cally active peptide is 300 - 10,000. 

23. The preparation for transmucosal administration according to claim 1 wherein the physiologically active peptide is 
s selected from the group consisting of insuline. calcitonin, human PTH (1 - 34), calcitonin gene related peptide 

(CGRP). angiotensin II, vasopressin, desmopressin acetate, buserelin acetate, gosereiin acetate, nafarelin ace- 
tate, leuprorelin acetate, somatostatin, glucagon, oxytocin, secretin. LH - RH, ACTR TRH, TSH. ANP or derivatives 
containing synthetic or semisynthetic compound thereof. 

10 24. The preparation for transmucosal administration according to claim 23 wherein calcitonin is a compound selected 
from the group consisting eel calcitonin, salmon calcitonin, porcine carcitonin, human calcitonin and chicken cara- 
tonin. 

25. The preparation for transmucosal administration according to daim 24 wherein eel calcitonin is ASU 1-7 eel calci- 
15 tonin (elcatonin). 

26. The preparation tor transmucosal administration according to claim 23 wherein insulin is a compound selected from 
the group consisting human insulin, porcine insulin and bovine insulin. 

20 27. The preparation for transmucosal administration according to claim 1 wherein the preparation tor transmucosal 
administration is at least one of the preparation for administration in nasal mucosa, oral mucosa pulmonary 
mucosa, rectal mucosa, vaginal mucosa or ocular mucosa. 
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